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Abstract
· AIM:Toinvestigatewhetherdecellularizationusing
differenttechniquescanreduceimmunogenicityofthe
cornea,andtoexplorethedecellularizedcorneaasa
scaffoldforculturedcornealendothelialcells(CECs).
Transplantation of decellularized porcine corneas
increasesgrafttransparencyandsurvivalforlonger
periodscomparedwithfreshgrafts.
·METHODS:Six-month-oldwild-typepigcorneaswere
cutinto100-200 滋mthickness,andthendecellularized
bythreedifferentmethods:1)0.1%sodiumdodecyl
sulfate(SDS);2)hypoxicnitrogen(N2);and3)hypertonic
NaCl. Thickness and transparency were assessed
visually.Freshanddecellularizedcorneaswerestained
withhematoxylin/eosin (H&E),andforthepresenceof
galactose-琢1,3-galactose(Gal)andN-glycolylneuraminic
acid (NeuGc,anonGalantigen).Also,ahumanIgM/IgG
bindingassaywasperformed.CulturedporcineCECs
wereseededonthesurfaceofthedecellularizedcornea
andexaminedafterH&Estaining.
· RESULTS: All threemethodsof decellularization
reducedthenumberofkeratocytesinthestromaltissue
by >80% while the collagen structure remained
preserved.NoremainingnucleistainedpositiveforGal
orNeuGc,andexpressionoftheseoligosaccharideson
collagen was also greatly decreased compared to
expressiononfreshcorneas.HumanIgM/IgGbindingto
decellularizedcornealtissuewasconsiderablyreduced
comparedtofreshcornealtissue.TheculturedCECs
formed a confluent monolayer on the surface of
decellularizedtissue.
· CONCLUSION:Thoughincomplete,thesignificant
reductioninthecellularcomponentofthedecellularized
corneashouldbeassociatedwithasignificantlyreduced
immuneresponsecomparedtofreshcorneas.
·KEYWORDS: cornea;decellularization;immuneresponse;
pig;xenotransplantation
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INTRODUCTION
A
shortageofdeceasedhumancorneasfor
transplantationisaworld-wideproblem,especiallyin
Asiancountries.Prolongationoftheaveragehuman'snatural
life-spanandincreasingrefractorysurgerieswillaggravate
thediscrepancybetweencornealdemandandavailability
[1,2].
Penetrating keratoplasty(PKP)orpartialthickness
keratoplasty,suchas Descemet'sstripping endothelial
keratoplasty(DSEK)andanteriorlamellarkeratoplasty(ALK),
arethemajortreatmentoptionsforcornealblindness
[3].These
proceduresrequirefreshcadaverictissueandthereforemay
involvewaitingforweeksormonthsforasuitablegraftto
becomeavailable.Inaddressingthis shortage,animal
corneas,particularlypigcorneas,arebeinginvestigatedasan
alternativesource.Thepigcorneahasseveralsimilaritiesto
thehumancorneainanatomyandrefractiveproperties
[1,4].In
manycultures,pigsareacceptableassourcesoforgans,cells,
andtissues
[1].
However,therearehurdlestobeovercome,suchasthe
immuneresponsetopigtissuesandthebiosafetyof
xenotransplantation
[5,6].Thegeneticdistancebetweenpigand
humanelicitsanimmuneresponsethatleadstorejection,
eventhoughthecorneaisconsideredtobeimmune-
privileged
[7].Thefirstpig-to-nonhumanprimatePKPusinga
freshcorneawasrejectedwithin15d,withextensive
inflammatorycellinfiltrationandnewvesselformation
[8].
studiesusingdecellularizedpigcorneashave
demonstratedlessrejectioncomparedtofreshtissue
[9-20]
(Table1).Inthepig-to-nonhumanprimatemodel,whichisa
morerelevantmodelthanstudiesinrodentsorrabbits,two
studies reported significantlyprolongedgraftsurvival
comparedtothatoffreshcorneas
[19,20].Regardlessofthe
methodofdecellularization,betteroutcomeswerereported
withdecellularizedtissue.However,thereasonsforthe
extendedgraftsurvivalhavenotbeenelucidated.Shao
[21]
587showedabsenceofgalactose-琢1,3-galactose(Gal)expression
indecellularizedcornealtissue,buttoourknowledgeno
investigationofexpressionoftheN-glycolylneuraminicacid
(NeuGc)antigenorofhumanIgMorIgGbindinghasbeen
reported.
Decellularizedcornealtissuecanbetransplantedasagraft
forALK( totreatkeratoconusoracornealburn),butit
canalsoserveasascaffoldforculturedcornealendothelial
cells(CECs)asaDSEKgrafttotreatendothelialcell
dysfunction( Fuchs'endothelialdystrophy).
Decellularizedtissuehastheadvantageofpreservingthe
naturalextracellularmatrix,whichisdifficulttoimitateusing
syntheticmethods
[22].
Inthispresentstudy,weinvestigatedwhether
decellularizationcanreducetheimmunogenicityofpig
corneas,thusleadingtolonger graftsurvivalsthat
wereshownpreviously
[9-20].Wecomparedseveraldifferent
methodsofdecellularization,andalsoattemptedtoconstruct
aDSEKgraftcomposedofculturedpigCECs(pCECs)and
decellularizedcornea.
MATERIALSANDMETHODS
CornealPreparation Eyesof6-month-oldwild-typepigs
wereobtainedfromalocalslaughterhouse,andthecorneas
wereexcisedwithatleast3mmofscleraltissue.Thecorneal
tissuewascutwithamicrokeratome(Moria,Doylestown,
PA,USA)toafinalthicknessof100-200 滋m.Inbrief,the
tissuewasplacedontoanartificialanteriorchamber(Moria)
andimmobilized.Theartificialanteriorchamberwasfilled
withbalancedsaltsolution(Alcon,Mississauga,ON,
Canada),andatonometer (OcularInstruments,Bellevue,
WA,USA)wasusedtomeasurepressure,whichforcutting
isideally90mmHg.Theepitheliallayerwasremovedby
rubbingthesurfacewithasurgicalswab(Moria)before
cuttingtoreducecornealthickness.Thecentralcorneal
thicknesswasmeasuredwithapachymeter(Tomey,Nagoya,
Japan)and,dependingonthecornealthickness,asuitable
disposableblade(Moria)forthemicrokeratomewasselected.
Afteronecut,thethicknessoftheremainingtissuewas
measuredagainandthegraftthicknesswascalculated.Ifthe
remainingtissueremainedthickerthan100-200 滋m,itwas
cutagain.Allanimaltissuesusedinthisstudywerehandled
inaccordancewiththeARVOStatementfortheUseof
AnimalsinOphthalmicandVisionResearch.
DecellularizationoftheCornea Thedissectedpigcorneas
wererandomlydividedinto3groups,withthefollowing
treatments ( =5ineachgroup):1)Untreatedfreshcornea
(control);2)Thecorneawasimmersedin0.1%sodium
dodecylsulfate(SDS;Sigma-Aldrich,St.Louis,MO,USA)
at37℃ for7h
[10];3)Thecorneawasplacedina5mL
cryogenicstoragevial(FisherScientific,Waltham,MA,
USA)andN 2fromliquidnitrogenwaspouredintothevialto
freezethecorneaandrendertheinsideofthetubehypoxic;
afterfasteningthecaptightly,thetubewasmaintainedat
roomtemperaturefor7d
[9];4)Corneaswereimmersedin
1.5mol/Lsodiumchloride(NaCl,Sigma-Aldrich)at37℃
for24h,thenplacedinasolutionof0.05%trypsin(0.02%
ethylenediaminetetraaceticacid,EDTA;Sigma-Aldrich)at
37℃ for48h
[11].
Intwofurthergroups,theN 2methodwasfurthermodified
( =3ineachgroup):5)Thecorneawasirradiated
(2800cGy)andthensubjectedtothesameprotocolasin(3)
above;6)ThecorneawasprocessedwithN 2andthentreated
with4%TritonX-100(Sigma-Aldrich)at37℃ for2h.
Aftereachprocess,thetissueswerewashedwithdistilled
waterfor15min(withagitation)andthenwith
phosphate-bufferedsaline(PBS;Invitrogen,Carlsbad,CA,
USA)for15min,repeated 伊3.
VisualAssessment Thethicknessandclarityofthecorneas
Table 1 In vivo experiments using decellularized porcine cornea 
Recipient  Decellularization method  Method  Control graft 
survival
1 
Decellularized graft 
survival  Reference 
Rabbit  N2 gas  ISPI    >6mo  [9] 
Rabbit  0.1% SDS  ISPI    >12mo  [10] 
Rabbit  Hypertonic NaCl  ALK  <4wk  >6mo  [11] 
Rabbit  Lyophilization  ALK    Opacity cleared by 8wk and transparency 
maintained  [12] 
Rabbit  0.5% SDS  ISPI    >24wk  [13] 
Rabbit  Phospholipase A2 and SD  ALK    >12mo  [14] 
Rabbit  Lyophilization  ALK    Neovascularization and opacity cleared by 
5wk, and transparency maintained  [15] 
Rabbit  DNase, RNase  ISPI    >60d  [16] 
Rabbit  0.5% SDS  ISPI    Opacity cleared within 8wk, and 
transparency maintained for >6mo  [17] 
Rabbit  Ultrahigh-hydrostatic pressure  ISPI  <1wk  >8wk  [18] 
Rhesus 
monkey  Dehydration (CaCl2 silica gel)  ALK  15d  >6mo  [19] 
Rhesus 
monkey  Hypertonic NaCl  ALK  <3-4wk (with 
steroid)  >6mo  [20] 
ALK: Anterior lamellar keratoplasty; ISPI: Interlamellar stromal pocket implantation; 
1Control graft survival: Graft survival using the fresh cornea. 
Decellularizedporcinecornea
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fromeachgroupwereassessedvisually.Toinvestigate
whetheranyopacityofthegraftwasreversible,the
decellularizedcorneawasplacedin100%glycerol(Life
Technologies,Carlsbad, CA,USA)for2handthen
reassessed.
Hematoxylin-eosinStaining Thecorneawasfixedwith
10%formalin,stainedwithhematoxylin-eosin(H&E),and
thenexaminedbylightmicroscopy(Nikon,Elgin,IL,USA).
StainingforGalactose-琢1,3-galactose (Gal)andN-
glycolylneuraminicAcid (NeuGc) StainingforGaland
NeuGcwasperformedasdescribedpreviously
[23].Briefly,the
corneawasembeddedinoptimalcuttingtemperature
compound (Tissue-Tek,MilesLaboratories,Naperville,IL,
USA)andstoredat-80℃ untiluse.Frozensectionswerecut
toa4滋 mthickness,airdriedfor1h,andfixedwithacetone
at-20℃ for10min.TheslideswerewashedwithPBS
followedbyblockingwithserum-freeproteinblocking
solution(Dako,Carpinteria,CA,USA)for10minatroom
temperature.Galstainingwascarriedoutusingfluorescein
isothiocyanate(FITC)-conjugatedBSI-B4lectin(isolectinB4
from ;10mg/mL,Sigma-Aldrich)
for30minatroomtemperatureandwashedwithPBS.NeuGc
stainingwascarriedoutusingachicken-derivedanti-NeuGc
immunohistochemistrykit(Sialix,Cambridge,MA,USA),
followingthe manufacturer'sinstructions.Fornuclear
staining,4,6-diamidino-2-phenylindole(DAPI,Invitrogen)
wasapplied.The stainedtissueswereexaminedby
fluorescentmicroscopy(Nikon).
IgMandIgGBindingAssays IgMandIgGbindingassays
usinghumanserumwerecarriedoutasdescribedpreviously
[23].
Serawereobtainedfromhealthyhumanvolunteers(=5,
includingallABObloodtypes)andpooledtoformasingle
humanserumreagent.Theparticipantsgaveinformed
consentaspertheguidelinesoftheInstitutionalReview
BoardoftheUniversityofPittsburgh.Cornealsampleswere
incubatedwithheat-inactivated,pooledhumanserumfor
60minatroomtemperature.PBSwasusedfornegative
controlsamples.TheslideswerethenwashedwithPBSand
blockedwith 10%goatserumfor30minat room
temperature.FITC-conjugatedgoat-derivedanti-humanIgM
(滋 chain-specific)orIgG( 酌 chain-specific)polyclonal
antibody(concentration1:100;Invitrogen)for30minatroom
temperaturewasusedforthedetectionofIgMorIgG
binding.DAPIwasappliedfornuclearstainingandtheslides
wereexaminedbyfluorescentmicroscopy.
SeedingandCultureofPigCornealEndothelialCells
CECsfromwild-typepigswerepreparedandculturedas
previouslydescribed
[24].Cellsbetweenpassages2to4were
usedinallexperiments.Onehundredthousand(100000)
cellswereseededontothesurfaceofadecellularizedcornea
thatwasplacedontheconcavesurfaceofasterilecapofa
50mLfalcontube(FisherScientific)with100 滋Lofmedium
199 (Invitrogen)containing10%heat-inactivatedFBS
(Sigma-Aldrich),anantibiotic-antimycotic,andendothelial
growthfactor(30 滋g/mL,BDBiosciences,SanJose,CA,
USA).After1dofincubationat37℃ ,moremediumwas
addedandthereafterchangedevery2to3dfor2wk.The
corneawaswashedgentlywithPBSandfixedwith10%
formalin,thenstainedwithH&Eforexamination.
RESULTS
Visual Assessment of Fresh and Decellularized Pig
Corneas Whenvisuallyassessed(Figure1),pigcorneas
decellularizedwith0.1%SDS(Figure1B)orN 2(Figure1C)
weretransparent.Theywereedematouscomparedtofresh
corneas (Figure1A),buttheedemawasnotassevereas
thosetreatedwithhypertonicNaCl(Figure1D),whichlost
itsclarityandbecameseverelyswollen.Itsclaritywas
restoredbydehydrationwithglycerolfor2h(notshown).
Additionaltreatmentwithirradiationor4%TritonX-100
withN 2didnotimproveorreducetheclaritycomparedtothe
N2 methodalone(notshown).
Hematoxylin-eosinStainingofPigCorneasBeforeand
AfterDecellularization Comparedtofreshcorneas(Figure
2A),treatmentwith0.1%SDS(Figure2B),N 2(Figure2C),
orthecombinationofirradiation+N2 (Figure2E)resultedina
>80%reductioninkeratocytesinthecornea.Treatmentwith
1.5MNaCl(Figure2D)orthecombinationofN 2 +Triton
Figure1Visualassessmentoffreshanddecellularizedpig
corneas Macroscopicappearancesofpigcorneasbefore(A)and
afterdecellularizationwith0.1%SDS(B),N 2 (C),orhypertonic
NaCl(D).Beforedecellularization,alltissueswerecutwitha
microkeratometoafinalthicknessof100-200 滋m.Transparency
waslargelymaintainedinthecorneastreatedwithSDSandN 2 ,
whilethosetreatedwithhypertonicNaCllosttheirclaritydueto
severeedema,thoughtransparencywasrestoredbydehydrationin
glycerolfor2h.
589X-100 (Figure 2F)removedthecellularcomponents
completely.Theaveragenumbersofkeratocytesfrom3
differentmicroscopicfields(=0.08mm
2)ofeachcorneawere
as follows:-fresh=208/field;SDS=18/field;N 2 =28/field;
N2+irradiation=12/field,respectively.Wecouldnotdetect
remainingkeratocytesinthehypertonicNaClandTriton
X-100groups.Collagenstructureswerelargelymaintained
andwerenotdistortedinallgroups.
Expression of Gal and NeuGc on Fresh and
DecellularizedPigCorneas Freshpigcornealstromal
tissuehadsomeGal-positivekeratocyteswithweakpositivity
ofthecollagenstructure(Figure3A).NoGal-positivecells
remainedafterdecellularization (Figure3B),eveninthe
presenceofsomeDAPI-stainednuclei.TheexpressionofGal
wassignificantlydecreasedinthecollagentissue.The
expressionofNeuGc wasalsogreatlyreducedafter
decellularization.Inthefreshporcinecornea(Figure3C),
strongexpressionofNeuGcwasfoundinthestromal
keratocytesaswellasin collagen. However,after
decellularization(Figure3D)theremainingkeratocyteswere
negativeforNeuGc,andexpressionincollagenwasalso
decreased.Therewerenoobviousdifferencesbetweenthe
decellularizationmethodstested(notshown).
HumanIgMandIgGAntibodyBindingofPigCorneas
BeforeandAfterDecellularization Bindingofhuman
anti-pigIgMtofreshcornea(Figure4A)wasdecreasedafter
decellularization(Figure4B).Infreshtissue,bindingwas
mainlytothekeratocytes,whichwasnotthecaseinthe
decellularizedcornea.BindingofIgGwasmainlytostromal
collagenoffreshcornea,withadiffusepattern(Figure4C).
Thiswasgreatlydecreasedindecellularizedtissue(Figure
4D).Therewereagainnoobviousdifferencesbetweenthe
decellularizationmethodstested(notshown).
CulturedpCECsFormaMonolayerontheSurfaceof
Decellularized Cornea Toinvestigatewhetherthe
decellularizedporcinecornea(Figure5A)canprovidea
scaffoldforculturedpCECs,pCECswereseededonthe
surfaceofdecellularizedcorneaandculturedfor2wk.Only
thecorneastreatedwithN 2wereusedforthisexperiment(as
N2 yieldedthebestoutcomewithregardstoremovalofcells
andpersistenttransparency).ThepCECsformedamonolayer
onthesurfaceregardlessoftheiroriginalorientation(
whetherthecellsurfacehadbennincontactwith
Descement'smembraneornot.TheabsenceofDescemet's
membranedidnotaffectmonolayerformation(Figure5B).
Figure2H&Estainingofpigcorneasbeforeandafter
decellularization RepresentativeimagesofH&E-stainedpig
corneasbefore(A)andafterdecellularizationwith0.1%SDS(B),
N2 (C),hypertonicNaCl(D),combinedN 2 +irradiation (E),and
combinedN 2 +TritonX-100(F).Inallcases,thenumberof
keratocytesinthestromaltissuewasreducedby>80%without
distortionofthecollagenstructure.N 2(C)didnotefficiently
removethecellularcomponentscompared to 0.1%SDSor
hypertonicNaCl,butitscombinationwithirradiation(E)orTriton
X-100(F)resultedinasimilarreduction.
Figure 3 Gal and NeuGc immunostaining of fresh and
decellularizedpigcorneas Gal(A,B)andNeuGc(C,D)staining
ofpigcorneasbefore (A,C)andafter(B,D)decellularization.
ExpressionofGal(BSI-B4FITC:green)wassignificantlyreduced
afterdecellularization (B)comparedtoexpressiononfreshtissue
(A).ExpressionofNeuGc(chickenanti-NeuGcantibodyfollowed
bybiotinylatedanti-chickenIgYandstreptavidinCy3:red)wasalso
significantlyreducedafterdecellularization(D) comparedto
expressiononfreshtissue(C).DAPI (blue)wasusedfornuclear
staining.Theresultsarerepresentativeofatleast2independent
experiments.Allmethodsofdecellularizationproducedsimilar
results.
Decellularizedporcinecornea
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DISCUSSION
Manymethodshavebeenproposedforeffectivetissue
decellularization
[25].Owingtoitsspecialcharacteristics(
transparency),decellularizationmethodsforcornealtissue
havetobemodifiedfromconventionalmethods
[10,11,22].The
threetechniqueswetestedhavealreadybeenproventobe
effectiveinremovingthecellularcomponentsbutpreserving
thecollagenstructure
[9-11].Moreover,in experiments
inrabbits,decellularizedgrafts(usingallthreemethods)
demonstratedprolongedsurvivalwithlessimmunologic
response
[9-11].
Cornealstromalcells(keratocytes)areresponsibleforthe
well-organizedtransparentextracellularmatrixofthecornea
andarerelativelyquiescentintheadultcornea.However,
oncethecorneaisinjured,growthfactorsandcytokines,
fibroblastgrowthfactor2(FGF2),transforminggrowth
factor-茁 (TGF-茁),originatingfromcornealepithelialcells,
inflammatorycells,andtearfluid,activatethekeratocytes,
whichdifferentiateintofibroblastsandmyofibroblasts
(so-called'activatedkeratocytes')
[26].Thisdifferentiation
includesnotonlymorphologicalchange,butalso
expressionofextracellularmatrixcomponentsthatarenot
presentinthenormalcornea( typeIIIcollagen,
tenascin-C,andmatrixmetalloproteinases).Thechangesalso
includedownregulationorlossofexpressionofcertain
normalstromalcomponents( keratansulfate
proteoglycans,prostaglandinDsynthase).
Chen
[27] investigatedtheRhosignalingpathwayrelated
todifferentiation.Activatedkeratocytesseemtobe
responsibleforwoundhealingandeventuallossofcorneal
clarity
[28].Hamrah
[29] reportedthattheresidentimmature
dendriticcellsinthecornealepitheliumandstromaleadto
directpresentationofgraftantigenstothehostTcellsand
resultinanimmunologicresponse.Theseobservations
suggestthatremovalofthecellularcomponents(
keratocytes,dendriticcells)bydecellularizationmayreduce
graftimmunogenicityandprolonggraftsurvival.
Galepitopesareknowntobethemajorxenoantigensthat
causehyperacuterejectioninpig-to-primate
xenotransplantation
[30,31].Recently,NeuGc,anon-Galantigen
thatiswidelyexpressedonthesurfaceofcells( redblood
cells,aorticendothelium)inallmammalsexcepthumans,has
gainedincreasedattention,andisconsideredanimportant
xenoantigenicbarrier
[32,33].Ourpreviousreport
[23] andthe
presentstudyindicatethattheexpressionofNeuGcinthepig
corneaisstrongerthanthatofGal.However,expressionof
bothxenoantigens(GalandNeuGc)wasgreatlyreduced
afterdecellularization.Itispredictablethatexpressionofany
other(non-Gal,non-NeuGc)antigens,thenatureofwhich
remainsunknown,mightalsohavebeenreduced by
decellularization,whichmightthuscontributetoprolonged
graftsurvival.IgM/IgGbindingtothecorneawasalso
significantlyreducedafterdecellularization.
PigsdeficientinGalandNeuGchaverecentlybeen
reported
[34].Althoughthehumanhumoralimmuneresponse
tocellsfromthesepigswasgreatlyreducedcomparedtothat
towild-typepigcells,itwasstillsignificantlystrongerthanto
Figure4IgMandIgGbindingassayofpigcorneasbeforeand
afterdecellularization HumanIgMandIgGantibodybindingto
pigcorneasbefore(A,C)andafterdecellularization(B,D).Pooled
humanserum(20%)wasincubatedwiththecorneas,andantibody
bindingwasdetectedbystainingwithFITC-conjugatedanti-human
IgM(A,B)orIgG(C,D)secondaryantibody(green),withnuclear
stainingbyDAPI (blue).BothIgMandIgGboundlessto
decellularizedcorneas(B,D)comparedtofreshcorneas(A,C).The
resultsarerepresentativeofatleast2independentexperiments.All
methodsofdecellularizationproducedsimilarresults.
Figure5Culturedcornealendothelialcellsformamonolayer
onthesurfaceofdecellularizedcornea CulturedpCECsformed
amonolayeronthesurfaceofN 2 -decellularizedcorneas(from
whichthenativeCECshadbeenremoved).ThepCECswereseeded
andculturedfor14d.Hematoxylin-eosinstainingofdecellularized
cornea (A).TheculturedCECsformedaconfluentmonolayeron
thesurfaceofdenuded,decellularizedcornealtissue(B).
591humanallogeneiccells.Decellularizationmightprovide
immunologicadvantagesfortissueorcellxenotransplantation
( ,cornea,heartvalve),evenfromgenetically-engineered
pigs.Therearereportsthatdecellularizedpigheartvalves,
ligaments,andadiposetissuesarelessimmunogenicthan
theirfreshcounterparts,both and
[35-37].
Moreover,concernsregardingthepotentialforthetransferof
aninfectiousmicroorganismwillbediminished.
Endothelialkeratoplasty,suchasDSEK,issteadilyreplacing
PKPintheUSAasthetreatmentofchoiceforcorneal
endothelialdysfunction
[38].Ithasseveraladvantages(
minimizestheinflammationrelatedtothepresenceof
sutures,preservescornealinnervation,increasesearlyvisual
recovery)
[39].However,theneedforDSEKgraftsfarexceeds
supply.TherehavebeenmanyattemptstocultureCECswith
orwithoutcarriermaterialfortransplantation
[40].Anideal
scaffold forculturedCECsshouldbe non-cytotoxic,
transparent,andhaveappropriatemechanicalproperties.
Alsoitshouldallowcellrepopulationonitssurfaces,
withCECsandstromalcells.Attemptshavebeenmadeto
repopulatethedecellularizedporcinecorneawithhuman
cornealcells,andallthreecelltypes(epithelial,stromal,and
endothelial)weresuccessfullyculturedandexpanded
[41].The
mostcriticalcelltypeistheCEC,becausethesedonot
proliferate
[42].WhenweculturedpCECsonthe
surfaceofdecellularizedcornealtissue,theyformeda
monolayerasinanativecornea,suggestingthatthe
decellularizedcorneacanprovideasuitablescaffoldfor
CECs.However,moreinvestigationofCECfunction(
ZO-1orNa
+K
+ ATPasestaining)willbenecessary.Sincethe
majortargetsforthehostcellularresponseareCECs,and
injuryofthesecellsistheleadingcauseofgraftfailureafter
cornealtransplantation, experimentsofDSEKin
nonhumanprimateswillbenecessarytoevaluategrafts
composedofdecellularizedstromaandculturedCECs.
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